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Field of the Invention 

The present invention relates to an implantable device and, in particular, to an 
implantable cochlear electrode assembly. 

5 

Background of the Invention 

Hearing loss, which may be due to many different causes, is generally of two 
types, conductive and sensorineural. Of these types, conductive hearing loss occurs 
10 where the normal mechanical pathways for sound to reach the hair cells in the cochlea 
are impeded, for example, by damage to the ossicles.. Conductive hearing loss may 
often be helped by use of conventional hearing aid systems, which amplify sound so 
that acoustic information does reach the cochlea and the hair cells. 

15 In many people who are profoundly deaf, however, the reason for deamess is 

sensorineural hearing loss. This type of hearing loss is due to the absence of, or 
destruction of, the hair cells in the cochlea which transduce acoustic signals into nerve 
impulses. These people are thus unable to derive suitable benefit from conventional 
hearing aid systems, because there is damage to or absence of the mechanism for nerve 

20 impulses to be generated from sound in the normal manner. 

It is for this purpose that cochlear implant systems have been developed. Such 
systems bypass the hair cells in the cochlea and directly deliver electrical stimulation to 
the auditory nerve fibres, thereby allowing the brain to perceive a hearing sensation 
25 resembling the natural hearing sensation normally delivered to the auditory nerve. US 
Patent 4532930, the contents of which are incorporated herein by reference, provides a 
description of one type of traditional cochlear implant system. 

Cochlear implant systems have typically consisted of two key components, 
30 namely an external component commonly referred to as a processor unit, and an 
implanted internal component commonly referred to as a receiver/stimulator unit. 
Traditionally, both of these components have cooperated together to provide the sound 
sensation to an implantee. 



The external component has traditionally consisted of a microphone for 
detecting sounds, such as speech and environmental sounds, a speech processor that 
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converts the detected sounds and particularly speech into a coded signal, a power 
source such as a battery, and an external antenna transmitter coil. 

The coded signal output by the speech processor is transmitted transcutaneously 
5 to the implanted receiver/stimulator unit situated within a recess of the temporal bone 
of the implantee. This transcutaneous transmission occurs through use of an inductive 
coupling provided between the external antenna transmitter coil which is positioned to 
communicate with an implanted antenna receiver coil provided with the 
receiver/stimulator unit. This communication serves two essential purposes, firstly to 
10 transcutaneously transmit the coded sound signal and secondly to provide power to the 
implanted receiver/stimulator unit. Conventionally, this link has been in the form of a 
radio frequency (RF) link, but other such links have been proposed and implemented 
with varying degrees of success. 



15 The implanted receiver/stimulator unit typically includes the antenna receiver 

coil that receives the coded signal and power from the external processor component, 
and a stimulator that processes the coded signal and outputs a stimulation signal to an 
intracochlea electrode assembly which applies the electrical stimulation directly to the 
auditory nerve producing a hearing sensation corresponding to the original detected 

20 sound. 

The external componentry of the cochlear implant has been traditionally carried 
on the body of the implantee, such as in a pocket of the implantee's clothing, a belt 
pouch or in a harness, while the microphone has been mounted on a clip mounted 
25 behind the ear or on a clothing lapel of the implantee. 

More recently, due in the main to improvements in technology, the physical 
dimensions of the speech processor have been able to be reduced allowing for the 
external componentry to be housed in a small unit capable of being worn behind the ear 
30 of the implantee. This unit has allowed the microphone, power unit and the speech 
processor to be housed in a single unit capable of being discretely worn behind the ear, 
with the external transmitter coil still positioned on the side of the user's head to allow 
for the transmission of the coded sound signal from the speech processor and power to 
the implanted stimulator unit. 

35 
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Together with improvements in available technology, much research has been 
undertaken in the area of understanding the way sound is naturally processed by the 
human auditory system. With such an increased understanding of how the cochlea 
naturally processes sounds of varying frequency and magnitude, there is a need to 
5 provide an improved cochlear implant system that delivers electrical stimulation to the 
auditory nerve in a way that takes into account the natural characteristics of the 
cochlea. 

It is known in the art that the cochlea is tone-topically mapped. In other words, 
10 the cochlea can be partitioned into regions, with each region being responsive to signals 
in a particular frequency range. This property of the cochlea is exploited by providing 
the electrode assembly with an array of electrodes, each electrode being arranged and 
constructed to deliver a cochlea stimulating signal within a preselected frequency range 
to the appropriate cochlea region. The electrical currents and electric fields from each 
15 electrode stimulate the cilia disposed on the modiolus of the cochlea. Several 
electrodes may be active simultaneously. 

It has been found that in order for these electrodes to be effective, the magnitude 
of the currents flowing from these electrodes and the intensity of the corresponding 

20 electric fields, are a function of the distance between the electrodes and the modiolus. 
If this distance is relatively great, the threshold current magnitude must be larger than if 
the distance is relatively small. Moreover, the current from each electrode may flow in 
all directions, and the electrical fields corresponding to adjacent electrodes may 
overlap, thereby causing cross-electrode interference. In order to reduce the threshold 

25 stimulation amplitude and to eliminate cross-electrode interference, it is advisable to 
keep the distance between the electrode array and the modiolus as small as possible. 
This is best accomplished by providing the electrode array in the shape which generally 
follows the shape of the modiolus. Also, this way of delivering the electrical 
stimulation to the auditory nerve is most effective as the electrode contacts are as close 

30 as possible to the auditory nerves that are particularly responsive to selected pitches of 
the sound waves. 

In order to achieve this electrode array position close to the inside wall of the 
cochlea, the electrode needs to be designed in such a way that it assumes this position 
35 upon or immediately following insertion into the cochlea. This is a challenge as the 
array needs to be shaped such that it assumes a curved shape to conform with the shape 



.testable for the electa „ ay to be generally attaigb, during the insertion procedure. 

5 Several procedures have been adopted to provide an electrode assemblv ,h« f „ 
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Throughout this specification the word "comprise", or variations such as 
"comprises" or "comprising", will be understood to imply the inclusion of a stated 
element, integer or step, or group of elements, integers or steps, but not the exclusion of 
any other element, integer or step, or group of elements, integers or steps. 

5 

According to a first aspect, the present invention is an implantable tissue- 
stimulating device comprising: 

a resiliently flexible elongate member having a proximal end and a distal end 
and having at least ope electrode mounted thereon; 
10 a lumen extending into and along at least a portion of the elongate member from 

an orifice positioned at or relatively closer to the proximal end than the distal end; and 

a compression member mountable around at least a portion of the elongate 
member; 

wherein the compression member is adjustable between a first configuration in 
.15 which the compression member does not compress a portion of the lumen and a second 
configuration in which the compression member does compress at least a portion of the 
lumen. 

In one embodiment, the lumen is preferably adapted to receive a stiffening 
20 element through the orifice thereof 
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The lumen of the elongate member can be the same diameter along at least a 
majority or all of its length. In another embodiment, the lumen can have a region of 
lesser diameter at or adjacent the orifice of the lumen. In one embodiment, the 
compression member can be positioned around the elongate member at the region of 
lesser diameter. In one embodiment, the position of the compression member around 
the elongate member can be adjustable. An indicating means can be provided to allow 
external identification of the location of the region of lesser diameter. Such an 
indicating means may include a visual indicating means. 

In a further embodiment, the compression member is preferably only adjustable 
once from the first configuration to the second configuration. As such, once the 
compression member has been adjusted to adopt a second configuration, it preferably 
remains in that configuration. Adjustment of the configuration is preferably performed 
by the surgeon during the implantation procedure for the elongate member. Where a 
stiffening element is positioned in the lumen, the stiffening element is preferably 
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withdrawn during the implantation procedure. Following withdrawal of the stiffening 
element, the surgeon or another assisting in the surgical procedure can adjust the crimp 
and so preferably compress at least a portion of the lumen. 

5 In any embodiment, the compression member can be formed from a 

biocompatible material. In one embodiment, the compression member can comprise a 
ring of material.. The ring can be formed of metallic material, such as stainless steel, 
titanium, or a suitable alloy. In another embodiment, the compression member can be 
formed of a biocompatible plastics materials such as ABS or polypropylene. In these 
10 embodiments, the compression member can be in the form of a crimp. The crimp can 

be compressed flat or in another configuration, such as a zig-zag pattern. A 

compressing tool shaped to suit the dimensions of the crimp could be utilised in this 
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In another embodiment, the compression member can comprise a clip which is 
mountable around the elongate member and which can then be closed and latched. The 
dimensions of the clip relative to the elongate member are preferably such that on 
closing and latching of the clip, at least a portion of the lumen is compressed 
sufficiently to at least substantially seal the lumen. The clip is preferably capable of 
manipulation by the hands of the surgeon. A suitable tool for performing this function 
can, however, also he envisaged. Such a clip can be formed from a biocompatible 
plastics material, such as polypropylene. 

According to a second aspect, the present invention is an implantable tlSSUe- 
25 stimulating device comprising: 

a resiliently flexible elongate member having a proximal end and a distal end 
and having at least one electrode mounted thereon; and 

a lumen extending into and along at least a portion of the elongate member from 
an orifice positioned at or relatively closer to the proximal end than the distal end, said 
30 lumen being adapted to receive a stiffening element through the orifice; 

wherein the lumen has a first portion of a first diameter and at least one second 
portion having a diameter less than that of the first portion; 

wherein said second portion is relatively closer to the orifice of the lumen than 
at least one of said first lumen portions. 
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The second portion of the lumen can have a diameter that is about the same or 
less than the diameter of the stiffening element passing therethrough. In one 
embodiment, the diameter of the second portion can be about 0.1mm. The diameter of 
the first portion can be about 0.18mm. In yet another embodiment, the second portion 
can have a length of about 5mm. 

In one embodiment, the second portion can be spaced from the orifice of the 
lumen by at least one first portion. 

In a further embodiment, the second portion can be compressed by a 
compression member as defined herein according to the first aspect of the invention. In 
another embodiment, the orifice of the lumen can have a quantity of adhesive inserted 
therein that subsequently cures and seals the lumen. The adhesive can be a 
cyanoacrylate. 

In this aspect, at least the second portion of the lumen can be coated with a 
material that swells on contact with at least certain fluids. For example, the second 
portion of the lumen can have a coating of a hydrogel material that swells following 
contact with body fluids. The hydrogel can have a coating to allow control of the 
commencement time or rate of swelling of the hydrogel. The swelling of the hydrogel 
is preferably such that the second portion is sealed following withdrawal of the 
stiffening element. 

According to a third aspect, the present invention is an implantable tissue- 
stimulating device comprising: 

a resiliently flexible elongate member having a proximal end and a distal end 
and having at least one electrode mounted thereon; and 

a lumen extending into and along at least a portion of the elongate member from 
an orifice positioned at or relatively closer to the proximal end than the distal end, said 
lumen being adapted to receive a stiffening element through the orifice; 

wherein at least a portion of the lumen is coated with a layer of material that 
swells following exposure to bodily fluids. 

According to a fourth aspect, the present invention is an implantable tissue- 
stimulating device comprising: 



a resi.ien.ly flexible elongate member tovfag . proxtoal rad md 
and having at least one electrode mourned theieen; and 

a lumen extending into and along at leas, a portion of the elongate member iron, 
an onfioe portioned a, or rebtivdy closer to the proxima! end titan I distel end 2 
5 lumen bemg adapted to receive a stiffening element rarough the orifice- 

wherein the lumen in the region adjacent the orifice decreases in diameter awav 
from the onfice into the elongate member fot a length. * 

10 shau. IT regi0n ,Un,en ' S PreftraW y *™°<°™* in form The 

10 shape and du.ens.on, of said region are preferably such that a, leas, pari of th^n 
can be packed with fibrous tissue Mowing withdrawn, of tbe stiffening.. 

In a preferred embodiment of the aspecra, me stiffening element can be formed 
from a non-bioresorbable materia., m flds embodiment, flm stif^^T^ 

atiffemng matemu, extending through me .umen in tte elongate mLber Tone 
embodmtem, me styte. can be form* from a biocompatibte LJ^L^Z 

20 

cectJ: *J2T ttz itj" - ^ *• device * - — >->•* 

30 m ™ Th t. 1 7 en M * te C5 " ta<WOal ° r toVe my ottar "**<• crosa-sectiona. shape 
u, one embodunen, the ,umen extends through me etengate member for ^smS 
portion of as lengtix In a Amber embodiment me lumen extends front an openC* 
^proxuna, end of «e e.ongate member ,„ a position dm. is adjacent me disTetm 
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In a further embodiment, the elongate member can have a plurality of electrodes 
mounted thereon, m one embodiment, the electrodes can be formed of a biocompatible 
metallic material, such as platinum. 

5 In a further embodiment, the elongate member can have a first configuration 

selected to allow said member to be more readily inserted into an implantee's body 
such as the cochlea, and a second configuration wherein said elongate member is more 
readily adapted to apply a preselected tissue stimulation with the electrodes In a 
further embodiment, the elongate member can have at least one intermediate 
10 configuration between said first and second configurations. 

In a still further embodiment, at least a portion of the outer surface of the 
elongate member can have a coating of lubricious material. In a further embodiment, a 

15 ^ ° Uter ^ ^ " °° atinS ° f Ae serial. In 

LltiL H " *" eDtire ° Uter ° f el °^ ate member ™ have a 

coating of the lubricious material. 

The tobricious material preferably on 

20 ^T*'.* 1 * SW further, the coaflng ptSrabty 
20 becomes htbncous on being brought into comae, with a body fluid , J^coehiJ 

fa one embodiment, the lubricious material is selected from the group 
compnstng polyaoylk aoid (PAA), polyvinyl alcohol (PVA), polylactic acid (P1A) 
25 end polyglycolic acid (PGA). It is envisaged fha. outer similar mmLa Jd aL £ 
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In yet another embodiment, the stiffening element can be made of a second 
material^ relatively stiffer than the recently flexible material of the elongate member 
The stiffening element can be adapted to bias the elongate member into the fin* 
configuration. 



In a preferred embodiment, the second configuration of the elongate member is 
curved ^**^.+.4^w^^ t ^ oa , at ^^ bl 
35 the second configuration. 
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The elongate member is preferably preformed from a plastics material with 
memory and is preformed to the second configuration. 

In a preferred embodiment, the first configuration is preferably substantially 
5 straight. More preferably, the first configuration is straight. 

In a preferred embodiment, the elongate member is formed from a suitable 
biocompatible material. In one embodiment, the material can be a silicone, such as 

Silastic MDX 4-4210. In another embodiment, the elongate member can be formed 
10 from a polyurethane or similar material. 

Once implanted, the electrodes can receive stimulation signals from a stimulator 
device. The stimulator device is preferably electrically connected to the elongate 
member by way of an electrical lead. The lead can include the one or more wires 
15 extending from each electrode of the array mounted on the elongate member. 

In one embodiment, the lead can extend from the elongate member to a 
stimulator device or at least the housing thereof. In one embodiment, the lead is 
continuous with no electrical connectors, at least external the housing of the stimulator 
20 device, required to connect the wires extending from the electrodes to the stimulator 
device. One advantage of this arrangement is that there is no requirement for the 
surgeon implanting the device to make the necessary electrical connection between the 
wires extending fromthe electrodes and the stimulator device. 
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The stimulator device is preferably positioned within a housing that is 
implantable within the implantee. The housing for the stimulator device is preferably 
implantable within the bony well in the bone behind the ear posterior to the mastoid. 

When implantable, the housing preferably contains, in addition to the stimulator 
30 device, a receiver device. The receiver device is preferably adapted to receive signals 
from a controller means. The controller means is, in use, preferably mounted external 
to the body of the implantee such that the signals are transmitted transcutaneous^ 
through the implantee. 

35 Signals can preferably travel from the controller means to the receiver device 

and vice versa. The receiver device can include a receiver coil adapted to receive radio 
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me transmitter coil which receives the signals 

5 

in, or at some other ™ , respective attractive magnets mounted centrally 

in, or at some other position relative to, the coils. 

receiver cous Thf i '7 "evice using the tinnier and 

used to provide ^ ^ » 
device and the electrode array. unplanted receiver/stimulator 

25 

Power^caualaohetapiau^el^cX 0 ^ ^ ~ r ^ 
confined whhrn a hernreticany sealed ^7^7 "f" * 
30 device. -=uea nousing or the housing used for the stimulator 

Brief Descrip^ ff f the nr-iy i, ^ 

35 desert 7 ? ' embodi "*' rt <* «» invention fa now 

35 descrtbed w.ti, reference to rj» accompanying drawings, in which: 
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Fig. 1 is a pictorial representation of a prior art cochlear implant system; 

Figs 2 and 3 are diagrammatic views of a portion of an elongate member havin* 

crimpingf 8 * 4 ^ 5 ^ ^ CrimP ° f K8S 2 «" 3 Cerent types of 

Figs. 6a and 6b depict one embodiment of s 
: invention mounted thereto in an open and cl 

*• * *** . *— ***** 



20 



Preferred Modecrf Carrying outthe 

Fig. l. COChlear ^ ^tem with reference to 

25 Cochlear implants typically consist n f t™ n ™ ■ 

coupon™, i» dndtog . ^ _ JJ™* I""' 0 ."- ^Ponente, an externa. 

imp.an.ed receiver 'J '^J^Z * — «• - 

microphone 27. The speech processor ^f™ 1 COn, P OI ' e « a 

an-gedsotoitcannThehindTeX^n Aherl ^ CO " S,m0 ' ed " 4 
30 thebody. Atoh^totteapeechp^eelr,, vw ™n> on 

electrical signals to the implamed uT^T " !™ n,mer ^ 24 WWch 
s loine implanted unit 22 via a radio frequency (RF) rink. 

The internal component includes a receiver ■>•> r ■ • 

from the transmitter coil 24 A cable 2^ w 1 ' "° Wer and data 

35 snmttoor unit 22 to fte cocMea T2 and ,e^a« , m,P,Mted ^ 

signals thus received are appW b! » m " """""k 2 °' ^ 

vea are applied by the array 20 to the basilar membrane 8 and the 
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n«ve cell, wfthin the cochlea 12 thereby aim^tfag fte auditoIy nave „ 

operation of mh . <)evi w is described, for example, in US Patent No. 4532930. ' 

ZST TT f ^ '° " * ^ «* a. device. Adapted 

to del,ver electneal Emulation to the brain or rau.de. of an implantee. 

°" »f a compression member tor u» in waling me lumen 41 of 

an elongate member 40 i, depleted generally a. 30 in F igs . 2 i , It ^ ° 

** *• eionga,e member 40 - ^ a - *— ~ 

a ^fTT" member 30 is mo »»«"« «ouad a. least 

15 ^* eel ^t«-t«40. The member 30 is adjure between a fira 

compre.. a portion of the lumen 4! and a second configuration (a. depict for 
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In the depicted embodiment, the compression member 30 is only adjustable 
once from me firs, confirm, to fc Mcon(I * **** 

F«. 4 and 5), ., preferably remains in fbtf configuration. Adjusttnen, of the 
30 configuration . preferably performed by the sun-eon during the implement 1££ 
for tire elongate menfcer. Where a stiffening element is position^ in ,be 
^tiffenmg element is preferaily whbdrawn during the implant pZk^ 
Fonowmg wrtirdrawa. of tire .tiffening element, the surgeon or sLher *££Z 
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In the depicted embodiments, the compression member 30 is formed from a 
biocompatible material. The ring can be formed of metallic material, such as stainless 
steel, titanium, or a suitable alloy. In another embodiment, the compression member 
can be formed of a biocompatible plastics materials such as ABS or polypropylene. 
The ring can be compressed in a manner such that its has a flat portion (as depicted in 
Fig. 5) or in another configuration, such as a zig-zag pattern as is depicted in Fig. 4. A 
compressing tool shaped to suit the dimensions of the crimp could be utilised in this 
regard. 

As depicted in Figs. 6a and 6b, the compression member can comprise a clip 50 
which is mountable around the elongate member 40 and which can then be closed and 
latched as depicted in Fig. 6b. The dimensions of the clip relative to the elongate 
member are preferably such that on closing and latching of the clip, at least a portion of 
the lumen 41 is compressed sufficiently to at least substantially seal the lumen. The 
clip 50 is preferably capable of manipulation by the hands of the surgeon. A suitable 
tool for performing this function can, however, also be envisaged. Such a clip can be 
formed from a biocompatible plastics material, such as polypropylene. 

While the region 42 of the lumen of lesser diameter depicted in Fig. 7 can be 
20 used in conjunction with the compression member 30 or the clip 50, the resilientiy 
flexible elongate member can rely on this region to provide at least a partial barrier to 
transfer of pathogens through the lumen. 

In the embodiment depicted in Fig. 7, the region 42 is relatively closer to the 
25 orifice 43 of the lumen 41 than at least one of said first lumen portions 41a. 

The region 42 has a diameter that is about the same or less than the diameter of 
the stiffening element passing therethrough. In one embodiment, the diameter of the 
region 42 can be about 0. 1mm. The diameter of the portion 41a can be about 0. 18mm 
30 In yet another embodiment, the region 42 can have a length of about 5mm. 

As depicted, the region 42 can be spaced from the orifice 43 of the lumen by at 
least one lumen portion 41b having a diameter greater than that of the region 42. 
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materials couid be mJi^T^TL T" meWs and 
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fr om . * embodiment, the elongate member can be formed 

from a polyurethane or similar material. . 

° nce im P Iant6d > tetrodes of the elongate member can receive stimulation 
35 s Ig nals from a stimulator device. The stimulator device is pre feZ £££ 
connected to the elongate member by way of the electrical lead 21 * 
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f ^embodiment, the read cat, extend from the elongate member to a 
simulator dev.ce ot at leas, the housing thereof. I„ one embodiment the lead is 
colons with no *«rica. chnectixs, a. lea* external the honsing of the stimulator 

dev.ce. One advance of this arrangement is that there is no requirement for the 
-geon tmplanung the device to make the necessary elecnicm connection bejel toe 
wes extendmg from the electoodes and the stimulator device. 

10 The stimuUtor device is preferably positioned within a housing that is 

^timZr 800,1 te 1116 sigBa,s - •«—*- «— * 

20 ^ J^" Z mten,Uy *"* *° m * e C ° m °' 1 '* °*™ » *■ teceiver device 
taT^LT^ " ' CO,ra ? OBdin * «— *« «■ worn extereaUy of the 
» dte transmitter col, ^ *— ' • 

The transmitter coil is preferably held in position adjacent toe implanted 
location of the receiver coil by wav of resneai™. implanted 
i„ „,... v . or respective attractive magnets mounted centrallv 

m, or at some other position relative to, the coils centrauy 
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13 t™*™* " *» topped rnceiver/srimuhtor device using the tourer and 
r^ver cod, Tie implanted receiver/srimmator device debates ££££ 
and ^locates the electfeal pulses «o the appropriate a«ached eleefrode by aoaLon^ 
winch ,s consent with the chosen speech coding strategy. ^ 

can m ^ eX,erMl COntr ° Uer ftehCT COmPriSeS S ^ ««*• «e power supply 

While the implant system can rely on external componentry in another 
embodunent, the controller mea™, inclnding me microphone, LTLLTto 
powersupply can also be imp,anrab.e. Indus embodunem, me M nUer ™Jbe 
coined wrthm a hermeticany seaded housing or me housing used for me H£ 
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